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NOMBERS OF 1.52 AND 1.98

By Edward W. Perkine, Forrest E. Gowen,
and Leland H. Jorgensen

SUMMARY

An experimental investigaetlion of the aerodynamic characteristics of
a fin-stablilized body of revolution, designated as the RM-10, was made
in the WACA Ames 1— by 3—foot supersonic wind tunnel No. 2. Pressure
dlstributions and force characterlstics were determlned for the body
alone at Mach numbers of 1.52 and 1.98. Force characteristics of the
body—tall combination were determined at a Mach number of 1.98. Data are
presented for Reynolds numbers of 8.6 and 17.4 millions, based on body

length.

Of the three theoretical methods used for predictlon of the zero—
1ift pressure distribution for the body alone, the linearized theory of
Jones and Margolis (NACA TN 1081) was in best agreement with the exper—
imental dlstribution over the forebody. Over the afterbody, the magni-
tudes of the experimental pressure coefflicients were in general less than
predicted by theory. Except for the aft leeward reglomns of the body
where flow separatlon occurred at high angles of attack, the distribution
of 1lifting pressure was adequately predicted by inviscid theory. (See, for
example, NACA TN 204k, ) The variation with angle of attack of the 1ift,
foredrag increment, and center—of—pressure position were much more
acocurately predicted by the method of Allen (NACA RM A9I26) than by

potential theory.

Comperison of the experimental 1ift, foredrag, and pitching-moment
characteristices of the body alone with the resulis of a similar Inves—
tigation in the Lewis 8- by 6—foot supersonic wind tunnel (NACA RM E50D10
and NACA RM E50D28) shows that for Mach numbers of 1.52 and 1.98 there is
11ttle effect of Reynolds nmumber on these characteristics within the
Reynolds number range of 8.6 to 30 millions. Similar comparisons for the
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body—tail combination for a Mach number of 1.98 show that, with the
exception of the minimum foredrag, the effect on the force and moment
characteristiocs of the increase in Reynolds number from 8.6 million to
30 million 1s small. The minimum foredrag lncreases approximately

16 percent with an increase in Reynolds number from 17.4 million to

30 million.

INTRODUCTION

As a part of an integrated program to assess the effects of Reynolds
number on asrodynamic cheracteristics at supersonlc speeds, tests are
being comducted at various NACA flight and wind~tunnel faclllitles on a
fin-gstabilized body of revolution, designated as the RM-10. The first
published results of wind—tunnel tests of an RM—-10 model were obtained
in the 8- by 6~foot supersonic wind tumnel at the Lewls Laboratory at a
Reynolds number of 30 million and for a Mach number range of 1.49 to
1.98 (references 1 and 2). The present investigation was conducted in
the Ames 1— by 3-foot supersonic wind tumnel No. 2 with an RM-10 model
at Reynolds numbers of 8.6 and 17.4 millions and for Mach numbers of
1.52 and 1.98 for the body alone and 1.98 for the body—tail combinatiomn.

The purpose of this investigation was to determine the aerodynamic
characteristics of the RM—10 configuration within the Mach number end
Reynolds number range avallable and to compare these experimental results
with theory and with other experimental results.

NOTATION
A maximum cross—sectional area of the body, square inches
Ap body plan—form area, square inches
c a constant <-E>
12

cd section drag coefficient of a circular cylinder in terms

° of the diameter

1 drag — base dra
CDF foredrag coefficlent <tota —qg—A rag
o
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(CDF> foredrag coefficient at 0° angle of attack
a=0

ACpy

increment of foredrag coefficient [CDF— (CDF> :l
. =0

1ift

1ift coefficient
4o A

pitching-moment coefficient sbout the station of maximum

pltching moment
4o AL

body diameter (

pressure coefficient (p-%l)Q)
o

pressure coefficlent at 0° angle of attack

1ifting~pressurse coefficlent [ Cp — (GP> cx.—-o]

length of the body, inches

axlal distance from the body nose to the meximm body
diameter station, inches

free—stream Mach number

local statlc pressure, pounds per sguare inch

free—stream static pressure, pounds per square inch

free—stream dynamic pressure <% Po M°2>, pounds per
square inch

local body radius at a statlon x distance from the nose,
inches

maximm body radius, lnches
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Re free—stream Reynolds number based on body length

Sp cross—sectlonal area of the base of the body, square inches

x distance from the nose measured along the longitudinal body
axis, inches

Xy distance from the nose to the center of moments, inches

Xp distance from the nose to the centroid of the plan-form
area, lnches

vol total volume of the body, cublc inches

o angle of sttack, degrees

4 ratio of the specific heats of air, teken as 1.40

1 ratio of the drag coefficlent of a circular cylinder of
finite length to that of a cylinder of infinite length

e body cylindrical coordinate, degrees

APPARATTS

This investigation was conducted in the Ames 1— by 3—Poot super—
sonic wind tunnel No. 2, which is an intermittent—operation, nonreturn,
variable—pressure wind tunnel. The high—pressure air is cbtained from
the Ames 12-fcot wind tunnel at a pressure of about six atmospheres and
is expanded through the nozzle to the atmosphere. A change in Reynolds
nurber is obtained by varylng the totel pressure by means of a butterfly
valve between the two tunnels. The nozzle is equipped with flexible top
snd bottom plates which can be shsped to give test—section Mach numbers
in the range of 1.2 to 4.0. The strain-—gage balance and other tunnel
instrumentation used in this investigation are described in detail in
reference 3. However, for this investigation the pitching moments were
measured by means of a strain gage mounted on the supporting sting rather
than by the method described in reference 3.

A sketch of the 1/12-scale RM-10 missile, giving the important
model dimensions and the equation for the parsbolic-erc profile, is shown
in figure 1. The fineness ratio of the closed body of revolution is 15;
however, to provide for the rocket jet in the free—Fflight models and
sting mounting of the wind—tunnel models, the base was cut off at the
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81.5-percent—length station, which resulted in a fineness ratio of 12.2.
The two model configurations tested were the body alone and the body—
tall combinstion shown in figure 1.

TESTS

The testing program was divided into three parts, and the test
condltions for each of these perts are listed in the following table:

Average Re o
Tegt My (miliions) (deg)
Pressure distribution, 1.52 8.6 0 to 15
body alone 1.52 17.4 0
1.98 8.6 0 to 5-1/2
Force tests, body alone * 1.52 8.6 and 17.% 0 to 14
1.98 8.6 0 to 1k
Force tests, body—tail 1.98 8.6 and 17.4 O to 6

combination

The static—pressure distributions were measured at 30° increments in
circumferential angle with a single longltudinal row of orifices on the
model by rotating the model about its axis. Force—test results for the
body—taill combination at a Mach number of 1.52 have not been presented
because of unknown interference effects on the tail surfaces due to the
shock wave from the sting support and the reflected bow wave.

REDUCTION OF DATA

Corrections to Experimental Results

All of the experimental data have been reduced to coefficient form
and have been corrected for the effects of the nonuniform flow conditions
existing in the wind tunnel. The free—stream statlc—pressure variations
in the empty tunnel have been applled as corrections to the body pressure—
distribution data by simple linear superposition. Corrections to
pressure—distribution date due to the effect of stream—angle variation
were within the limits of accuracy of the data and have therefore been
neglected.
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The corrections to the force tests have been calculated by the
method of reference 4, in which the stream angle and pressure distribu—
tion in the vertical plane of symmetry of the empty tunnel are used.

The average magnitudes of the total corrections to Cy, Cp, and Cpp due
to stream flow nonuniformities are tabulated as follows:

Mach Body—tail
number Coefficient Body alone conbination
1052 CIl 0-02 -
Cm .002 ——
Cpg 007 -
1.98 CL .02 0.03
Cm .002 .01
Cop .009 .003

Precision of Results

The precision of the experimental data was calculated from esti—
mates of the uncertainty or possible error in the individusl measure—
mente which entered into the determination of the angle of attack, the
stream characteristics, and the amerodynamic coefficients. The probable
uncertalnty in the final results was determined by the method given in
reference 5. The uncertainties in the 1ift, pitching-moment, foredrag,
and pressure coefficlents are tabulated as follows:

' Body—tail
Coefficient Body alone conbination
CL. +0.018 +0.030
Cop +,006 +.006
Cp +,005 —_——

The error in the angle—of-attack measurements is not greater than
+0.15°, The free—stream Mach number, M,, is known accurately within
#0.005 at a given point in the stream; however, the variation of Mach
number along the body axis was as much as £0.02. Due to the fairly high
rate of decrease in wind-tunnel stagnstion temperature with tunnel operat—
ing tims, the variation in Reynolds number during each run was approxi—
mately 0.7 X 10° at both Mach numbers.
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RESULTS AND DISCUSSION

Pressure Distributions

The theoretical and experimentsl longitudinal distributions of pres—
sure coefficient for the body alone at zero angle of attack are shown in
Pigure 2. The experimental data from reference 1 are included for com—
parison. Three theoretical curves based on the linsarized theory of
reference 6, the second—order theory of reference 7, and the method of
characteristics (see, e.g., reference 8) are also shown for comparison.
It was noted in reference 1 that the experimental results obtained in
that investigation were in good agreement with the distribution predicted
by the theoretical expression developed in the report.! For the present
investligation, the distribution predicted by the linesrized theory
(reference 6) is in best agreement with the experimental distribution
for the forward 50 percent of the body length. Over the afterbody the
megnitudes of the experimental pressure coefficlents are, in general,
less than predicted by any of the theories. Due to inherent experimental
uncertainties involved in the data from both sources (the present inves—
tigation and reference 1), and because the differences in the theoretical
results are small, no statement can be made as to which of the theories
is the best for all of the test condltioms.

As predicted by theory, an increase in Mach number results in a
decrease in pressure coefficient over the forward 30 percent of the body
length, Aft of the 30—percent point, although theory predicts a decrease
in the magnitude of the pressure coefficient with increase in Mach number.
no conclusion can be drawn from the experimental date in this region
because of the uncertainty in the individual pressure measurements.

The theoretical and expsrimentasl circumferentisl distributions of
lifting—pressure coefficient for three angles of attack and six axisl
length stations are presented in figure 3. The theoretical curves shown
in this figure are based on the second—order theory of reference 7.2
For stations forward of the maximum thickness, and at an angle of attack
of 5.5%°, the theoretical pressure recovery over the lee side of the body
is small, and the agreement between theory and experiment is good. As
the angle of attack is increased to 11° or to 15°, the theoretical pres—
sure recovery increases, and the experimental data show & pressure
recovery somevwhaet less than theory, indicating a large region of

1The expression for the zero—1ift pressure distribution developed inde—
pendently by Luidens end Simon in reference 1 is identical with the
result presented in reference 7.

2rhe equations for lifting—pressure dlstribution obtalned from refer—
ences 1, 7, and 9 are identical to the order o=.
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separated flow on the lee side of the body. For stations aft of the
maximm thickness, the theoretical pressure recovery on the lee side of
the body is lerge and the experimental data indicate the presence of a
separated reglon even at an angle of attack of 5. 5 This separated
region becomes progressively larger with increase in angle of attack and
distance aft of the meximum thickness point. At the most rearward posi--
tion, the separated region extends even past the 90 point to the wind—
ward side of the model. (See fig. 3(f).)

The lifting—pressure distribution results of reference 1 are in
good sgreement with those of the present investigation; however, none of
the data from reference 1 have been included in figure 3 as those data
were obtained at slightly different angles of attack and differemt x/L
stations. Since the tests of that reference were made for the same Mach
number range, but for = Reynolds number of approximately 30 million as
compared to 8.6 million for the data of this investigation, it may be
concluded that any effects of Reynolds number on the lifting pressures
are small within the 9° angle—of-attack range for which comparisons can
be made. It hrs been shown in reference 2 that there is en increase in
1ift with incresse in Mach number; however, the pressure—distribution
data of reference 1 and the present investigation do not show any con-
sistent change in lifting—pressure coefficients with Mach number. This
anomaly probably results from the fact that within this low angle—of—
attack range the increese in 1ift is small, and consequently the accom—
panying change ln locel pressure coefficlent 1s within the uncertainty
of the data. However, it cannot be concluded from these comparisons
that there are no spprecisble Mach number effects on local lifting—
pressure coefficlent at angles of attack sbove 9 because, as will be
shown later, the effect of Mach number on 1ift increased markedly above
an angle of atbtack of 10° or 12° for the test conditions of the present
investigation.

Body-Alone Force Tests

The varletions of the serodynemic coefficlents and center—of—
pressure position with angle of attack for the body alone are presented
in figures 4 through 8. For comparison with these experimental results,
theoretical curves based on the linearized potential theory of refer—
ence 10 and the theory of reference 1l are shown.

The linesrized theory neglects any effects of vlscosity and con—
slders only the potential flow. The theory of reference 11 has been
developed considering the ieffects of viscosity on the cross flow for
inclined bodies of revolution, and the resulting equations for the aero—
dynamic coefficients at moderate angles of attack are as follows:
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2(—?’) @+ 1 cq, (?) o? (1)
Oop — (Cop) __ =<§§> @+ %(?) o (2)
5 [vol—iz(l:—xm):l @ + 1 ca <%> (X_m;ﬁ> o2 (3)

The first term in each equation is the linearized potential theory
result, and the second term is the cross force resulting from a consider—
ation of the effects of viscosity on the flow perpendicular to the body
axis. In these equations, the numerical value of 17 depends primerily
on the length—to—diameter ratio of the body and was essentially constant
(n = 0.7) for the test conditions of the present investigation. The
value of cg, depends on the Reynolds number and Mach nunmber normel to
the axis of the body of revolution; therefore, the dependence of cdc on
free—stream Reynolds nuuber and Mach number is through Re sin o and

My sin a. For the Reynolds numbers of this investigation, no effect of
Reynolds number on the cross—flow drag coefficient has been considered.
For the tests at a Mach number of 1.52, the Mach number normal to the
exls of revolution was always less than 0.%; hence, in the calculations
cd% was considered constent and equal to 1.2 throughout the angle of
attack range. However, for the test at a Mach number of 1.98, the normal
Mach number (Mo sin a) exceeded 0.4 at an angle of ettack of approxi—
mately 12°. Therefore, the value of ¢, used in the calculations
increased from 1.2 at 12° to 1.35 at 15°. (See reference 11.) Within
this angle—of—ettack range, 12° to 15° s the difference in the valus of
cd, for the two different free—stream Mach numbers results in the diver—
gence of the force characteristics shown by the theoreticel curves in
figures 4, 5, 6, and 8.

CL

ACDp

Cm

LiPt.— The experimental 1ift results (fig. 4) for the body alome
show reasonable agreement with the curve predicted by the theory of
reference 11. However, throughout most of the anglé—of—attack range the
magnitude of the experimentel 1ift 1s greater than predicted. At 12°
angle of attack, the 1ift is 8 percent and 13 percent greater than the
theoretical values at Mach numbers of 1.52 and 1.98, respectively. At
this angle of attack, potential theory underestimste +the 1ift by approxi—
mately 70 percent. For angles of attack greater than 12° at a Mach num—
ber of 1.98, the experimental data show an increase in 1ift with increase
in Mo sin @ as predicted by the theory, although the magnitude of the
increase is greater than predicted.

A comparison of the data from reference 2 with thet of the present
investigation indicates that at a Mach number of 1.98 there is no



i TR TR

RACA RM A51G13

LA

Reynolds number effect in the range of 8.6 million to 31.1 million.
However, for a Mach number of 1.5, there is a decrease in 1ift with
increase in Reynolds number from 8.6 million to 17.4% million but no fur—
ther change within the Reynolds nunber renge of 17.4 miliion to 29.1 mil-
lion. In the higher angle—of-attack range, above 12° , the Mach nunber 1.5
results of the present investigation indicate an effect opposite to that
noted in the lower angle—of-attack renge, that is, an increase in 1ift

with an incresse in Reynolds number from 8.6 milliom to 17.4 million.

Pitching moment.— Contrary to the results obtained by comparison of
the theoretical and experimental 1ift characterisiics, potential theory
yields a pitching—moment curve which is in closer agreement with experi—
mentel results than is the curve for the theory of reference 1l. (See
fig. 5.) However, since both the 1ift and, as will be shown later, the
center of pressure are unsatisfactorily predicted by potential theory,
i1t is apparent that the agreement of the pitching moments must be con—
sidered fortuitous. '

The deata of reference 2 were cbtained for a Mach number rangé of
1.49 to 1.98 at & Reynolds number of 30 million. For those tests the
critical cross—Plow Reynolds number based on the maximum body diameter
was exceeded at an angle of attack of about 4°. The criticel cross—flow
Mach number was not exceeded since the angle—of-atiack range was limited
to 9° and M, sin o was therefore less than O.k. The experimental data
obtained for these test conditiones did not show any of the unusual varis—
tions in the aerocdynemic forces which might heve been expected as a
result of exceeding the critical cross—flow Reynolds number. The data
of the present investigation were obtained for a range of test conditlons
wherein both the critical cross—flow Reynolds number and critical cross—
flow Mach number were exceeded. Since the theory of reference 1l pre—
dicts variations in pitching moment due to either of these effects, it
might be expected that certain unususl veriations in pitching moment
could result when both were exceeded. The experimental trends shown in
figure 5 cennot be explained on the basis of the simple effects of either
cross—flow Reynolds number or cross—flow Mach number. It should be men—
tioned that a combination of Mach number and Reynolds number effects
appesr to have an influence different from that predicted by theory
(reference 12).

In contrast to the results from referefice 2, experimental results
from the tests of this investigation show an increase in pitch%ng moment
with increase in Mach number at angles of attack above about L=, At
engles of attack below 14° any effects due to Mach number are within the
experimental uncertainty. .

Center of pressure.— The variation of the position of the center of
pressure with sngle of attack for the body alone is shown in figure 6.
Comparison between theory and experiment indicates that the center of
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pressure predicted by potential theory is obviously in error at all
angles of attack., Much better agreemsnt with experiment is obtained
from the theory of reference 1ll. The center of pressure predicted by
this latter theory is about two body diameters shead of the experimental
center of pressure over an angle—of—attack range of 3° to 14°, whereas
potential theory predicts e center of pressure which does not vary with
angle of atta.ck and 1s 13—'body diameters ahesd of the experimental posi-—
tion at 14° engle of attack. The experimental deta show nc discernible
Mach number effect but do, however, show & forward shift of the center—

of—pressure position with increase in Reynolds number in the low angle—
of—ettack range. :

The experimental data from reference 2 are in good agreement with
the center—of—pressure deta from thils investigation, but the results of
that reference indicate s small rearward shift of center of pressure
with increasing Mach number.

Foredrag.— The foredrag results for the body are presented in
figure T. Experimental values of minimm pressure dreg and skin—friction
drag at O° angle of attack are presented in the following table for com—
parison with corresponding theoretical results calculated by several
different methods.

Minimim foredrag results

Mach number 1.52 1.52 1.98
Reynolds number — millions 8.6 17.% 8.6
1. Experimental minimum Cpp .115 .126 115
Pressure drag coefficients
2, Lineer theory 051 051 048
3. Method of characteristics 045 .0k5 .0ko
L, Experiment 050 .050 0l3
Skin—friction drag coefficients
5. Laminar incompressible 016 .012 .016
6. Turbulent compressible
(von Kérmén, reference 13) .08k OT4 .065
T. Turbulent compressible
(Wilson, reference 14) .096 .085 087
8. Experiment [(1)—(%)] .065 076 .072

A comparison of the experimental and theoretical pressure drags on
the body shows that the experimentsl values of the pressure drag sgree
with linear theory at a Mach pumber of 1.52. However, at a Mach number

of 1.98 the pressure drag calculated from linear theory is about 10 per—
cent too high.

The theoretical skin—friction drag coefficients shown in the sbove
table were based on flst—plate sk:Ln—friction coefficients and were
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calculated with the sssumption that completely laminar or completely
turbulent boundary—layer flow existed on the body. The experimental
skin-friction coefficient was obtained as the difference between the
experimental foredrag and pressure—drag coefficients. For the lower
Reynolds number tests at a Mach number of 1.52, it 1s epparent that =a
leminar boundary layer existed over an appreciable portion of the body
surface since the most optimistic theoretical estimate of the turbulent
skin-friction drag coefficient (reference 13) was considerably greater
than the experimental result. An increasse in Reynolds nuwmber at this
Mach number was accompanied by an increase in the skin—friction drag
coefficient. Hed the boundary layer been completely turbulent at the
lower Reynolds nultber, the skin~friction drag coefficient would have
decreased with increasing Reynolds number. Hence, the increase In skin—
frictlon drag coefficient that was observed must have resulted from
upstream movement of the transition point, with the result that at _
higher Reynolds mumbers a larger portion of the body surface was subJect
to turbulent boundary-layer flow. No conclusion can be stated with
regard to the correct theoretical value for the skin—friction drag coef—
ficient nor the Reynolds number of transition beceause of the unknown
effects of the free—stream turbulence level and the nonuniformities of
the gir stream., Since it is believed that an appreciable amount of
laminar-boundary—layer flow existed on the model for the highser Reynolds
nunber tests at a Mach number of 1.52, the asgreement of von

turbulent, compressible skin—friction coefficients with expsriment is
considered fortuitous. Other investigators (e.g., Wilson in reference 14)
have found that the values of skin—friction coefficient obtalned from
von Kermdn's turbulent compressible flow equation are lower than experi—
mental values.,

The experimental results of the present investigation show no per—
ceptible change in minimum foredrag coefficient with increase in Mach
number, but as would be expected with partly laminar—flow conditions
there was an increasse in minimum foredreg coefficlent with increass in
Reynolds number from 8.6 to 17.% millioms. Comparison of these results
with the results from reference 2 for a Reynolds nuiber of 30 million
shows no difference in minimum foredrag coefficient at Reynolds numbers
of 17.k and 30 millions.

The theoretical and experimental results for the increment of fore—
drag due to angle of attack are presented in figure 8. As expected, the
agreement between the theoretical and experimentel drag rise was similar
to that obtalned for the 1ift in figure 4. These results are slso in
agreement with the foredrag—rise results from reference 2.

: i e
.................... e ol
— N ---n:np,u ekt
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Body—Tall Combination Force Tests

Lift.— The experimental and theoretical lift characteristics for
this configuration are shown in figure 9. The theoretical 1ift of the
body—tail combination was calculated by adding the 1lift due to the body
alone to that due to the tall alone with no considerstion being given to
interference effects. The lift due to the body alone snd the tail alone
was calculated by the methods of references 11 and 15, respectively.

Two theoretical curves are shown. The curve which predicts the higher
1ift was obtained by assuming the area of the tail enclosed within the
body to be fully effective in 1ift, and the second theoretical curve
results from assuming only the exposed surfaces to be effective. The
data of figure 9 show that neither assumption 1s correct; however, the
experimental data is bracketed by these theoretical curves.

Theory indicates a small increase in lift-—curve slope with increase
in angle of attack, but the experimental lift—curve slope was essentially
constant throughout the angle—of—attack range. These 1ift results for
test Reynolds numbers of 8.6 million ard 17.4 million are in agreement
with the results from reference 2 at =2 Reynolds number of 30 million,
with the exception that the data of that report do show a small increase
in lift—curve slope with increasing angle of ettack similar to that pre—
dicted by theory.

Pitching moment and center of pressure.— The variastions of pitching
moment and center of pressure with angle of attack are shown in figures
10 and 11. Theoretical values of the pltching moment were not calculated
because of the uncertainty of the center—of—pressure position for the
tail surfaces in the presence of the body.

The slope of the pitching—moment curve of filgure 10 is comstant
throughout the angle—of-attack range. The center—of—pressure position
(fig. 11) is comstant for all angles of attack and is located 10.3 diam—
eters behind the nose of the missile. These results are In good agree—
ment with the data from reference 2, and any deviations in pitching
moment or center of pressure are small and within the uncertainty of the
data.

From a comperison of the results of this investigation with those
from reference 2 it may be concluded that any effects of Reynolds number
are small within the range of Reynolds numbers from 8.6 million to
30 million.

Foredrag.— The variations in foredrag coefficient and increment of
foredrag coefficient due to angle of attack are shown in figures 12 and
13. The theoretical rise in foredrag coefficient due to 1lift was calcu—
lated in the same manner as the theoretical 1ift — that is, by adding thse
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component due to the body alone to that due to the tall aloms. As
before, the components were obtalned by the methods of references 11 and
15 with the same assumptions regarding the effective tall area being
made. In this Instance, the assumption that only the exposed taill sur—
faces are effective in 11ft ylelds a good approximation for the drag
rise. The data of figures 12 and 13 indicate that any effects of
Reynolds nunber within the range of 8.6 million te 17.4 million are
gmall and within the uncerteinty of the date. However, comparison of
the drag deta of this report with that of reference 2 indicates that
there is a Reynolds number effect on minimum foredrag in the range of
Roynolds numbers from 17.4 million to 30 million, since the minimum fore—
drag coefficient obtained in that reference was about 16 percent higher
then was cobtained in the present investigation. It has been previously
shown that there is no apparent Reynolds number effect on the body-alonse
minimm foredrag coefficient in this range; therefore, the increase in
minimim foredrag coefficient must result from a Reynolds number effect
on the tall fins and./or the zero—lift interference drag. The increase
in the skin-friction drag which would asccompany a change from laminar to
turbulent flow on the tail fins slone is of the same order of magnitude
as the measured difference in minimm foredrag.

SUMMARY OF RESULTS

An investigation of the pressure distribution over the RM-10 body
and the serodynemic force coefficients for the body slone and the body—
tall combination was made at Reynolds numbers, based on. body length, of
8.6 million and 17.% million. The test Mach numbers were 1.52 and 1.98
for the body alone and 1.98 for the body-~tail combination.

The tests for the body alone indicate the following results:

1. At zero angle of attack, the linear theory of NACA TN 1081
showed good agreement with the experimental pressure distribution over
the first 50 percent of the body length., Over the remainder of the body
the magnitudes of the pressure coefficients were, in general, less than
predicted by any of the theories,

2, Except for the aft leeward regions of the body where separation
effects are important at high angles of attack, inviscid theory (see,
e.g., NACA TN 2044) was in good agreement with the experimentel lifting-
pressure distributions.

3. For angles of attack less than 9°, a comparison of the lifting—
pressure distribution results of NACA RM E50D10 with the results of this
investigation indicated that there were no appreciable Mach number or
Reynolds number effects due to an increase in Mach number from 1.52 to
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1.98 or an increase in Reynclds number from 8.6 million toc 30 million.

4. TFor the force tests on the body alome, the theory of NACA

RM A9T26 showed better agreement with the experimental results then did
linearized potential theory. These theoretical results (NACA RM AJT26)
agreed well with the experimental 1ift and foredrag increment at a Mach
number of 1.52, but underestimated both at a Mach number of 1.98. This
theory overestimated the pitching moment at both Mech nunbers but pre—
dicted the location =2nd aft movement of the center—of—pressure position
with angle of attack much better than d4id potential theory.

5. For angles of attack less than 9°, a comparison of force data
from NACA RM E50D28 with force data from this investigation indicated
that any effects on force characteristics due to a chenge in Reynolds
nunber from 8.6 million to 30 million were small.

The tests for the body—tail combination indicate the following
results:

1. For the angle—of-attack range of this test, the 1ift and pitch—
ing moment were linear functions of the angle of attack; hence,the center
of pressure remained at a fixed position.

2. Comparison of the results of this investigation with the results
of NACA RM E50D28 indicates that, with the exception of minimum foredrag,
the effect of Reymolds number on force and moment characteristics was
small in the range of Reynolds numbers from 8.6 million to 30 million.
The minimim foredrag increased approximately 16 percent with an increase
of Reynolds number from 17.4 million to 30 million.

Ames Aeronauticael Laboratory
Netional Advisory Committee for Aeronautics
Moffett Field, Calif.
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